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(54) LCD DISPLAY DEVICE AND ITS DATA DRIVING LINE NUMBER 
REDUCTION METHOD 

(57)Abstract: 

PURPOSE: To provide a data driver circuit and a system driving systemwhich 
reduce the cost of a peripheral integrated circuit which is directly integrated on an 
LCD display substrate and is required to connect a non-scanning type active 
matrix liquid crystal display device to an arrayand that of a hybrid assembly. 
CONSTITUTION: A demultiplexer circuit 102 is integrated on a display device 
14and multiplexed video data input signals of Y columns of one group are 
demultiplexed to Y pixel capacitors of X groups integrated as Z rows on the 



substrate. Furthera precharge circuit 116 is integrated on the substrateand pixel 
capacitors are precliarged to a first voltage leveland pixels are discharged into a 
second prescribed voltage level by video data input signals demultiplexed and 
connected to thennand video display is obtained when pixel rows are 
successively scanned. 



CLAIMS 



[Claim(s)] 

[Claim 1]ln an LCD display which it hasthe 1st substrate at least the 1st and 2nd 
substrates that were separated by an electrooptics material layer which is glass 
and that counter this displayA video-data entrance cable of Y book deposited on 
the 1st substrateand X group of Y switching elements of Z line deposited on the 
1st substrateA load live line which deposits on a common electrode for all the 
switching elements on the 2nd substrateand the 1st substrateis connected to a 
switching element of Z lineand activates a switching element of each lowY 
demultiplexing elements of X group which accumulates on the 1st substrateis 
connected to a video-data entrance cable of Y switching elements of X groupand 

Y bookconnects a video data on an entrance cable of Y book to each of Y 
switching elements of X group continuously one by oneand forms video 
PIKUCHUAAn LCD display to provide. 

[Claim 2]ln the display according to claim leach capacity pixel element which 
forms a switching transistor and each Y switching element is provided 
furtherEach capacity pixel element has the 1st electrode deposited on the 1st 
substrateand a common electrode on the 2nd substrateAn electrode which is 
each 1st [ the ] is connected to corresponding one in Y transistors in each Y 
switching element of X groupY precharge elements deposited on the 1st 
substrate are providedA display which precharges the data line and a pixel 
element before the each is connected to each of a video-data entrance cable of 

Y book between a demultiplexing element and a corresponding switching 



transistor and video data signals are added to an input video line. 
[Claim 3]A thin film transistor which forms each demultiplexing element further in 
the display according to claim 20n the 1st substrate. Deposit and for each 
demultiplexing element of No. even. The 1st [ to each of a demultiplexer of X 
group which connects an input video line of No. even to a switching transistor of 
No. even in a selection line in each Z line of a switching element of X group when 
it is connectedrespectively and each low is activated one by one ] control 
lineWhen it deposits on the 1st substrateit is connected to each demultiplexing 
element of No. odd and each low is activated one by onean input video line of No. 
odd is connected to a switching transistor of No. odd in a selection line in each Z 
line of a switching element of X group. A display possessing the 2nd [ to each of 
a demultiplexer of X group which generates video display drawing ] control line. 
[Claim 4]A display which possesses further a thin film transistor which forms 
each Y precharge elementsand a thin film transistor which forms each Y 
switching transistor of each switching element of X group in the display according 
to claim 3. 

[Claim 5]A display which are X= 6 groupY= 64and Z= 240 in the display 
according to claim 4. 

[Claim 6]A display whose video PIKUCHUA is television PIKUCHUA in the 
display according to claim 1 . 

[Claim 7]ln the data line and a pixel precharge circuit which are separated by a 
thin layer of electrooptic material and drive an LCD display at least whose one 
side is glassand which has the 1st and 2nd counter substratesTwo or more 
switching elements containing a switching transistor in which the procession 
deposition of this circuit is carried out on the 1st substrateand each forms a pixel 
capacitor and a display elementA common electrode for pixel capacitors on the 
2nd substrateand a video-data entrance cable of Y book with which each has an 
input video-data voltage levelA load live circuit which activates a switching 

element in 1 - Z for each low which was connected to a sirloin itching — 

elementselected a given low one by oneand was selected one by oneA 



demultiplexing circuit of X group which accumulates on the 1st substrate and 
connects a video-data entrance cable of Y book to Y switching elements of 
selected X group in each low 1 - Z one by oneOn the 1st substrate. When each 
data line and a pixel capacitor in the low 1 which was connected to an element to 
which it deposits on and each Y switching elements in selected X group 
correspondand was selected - Z are precharged and each low is selectedto a 
video data on an input video-data line of Y book. A circuit possessing Y 
precharge elements which discharge of the data line and the selected pixel 
capacitor is carried out more to an input video-data voltage leveland form video 
display PIKUCHUA. 

[Claim 8]Sauce which forms each precharge element further in the pixel 
precharge circuit according to claim 7A thin film transistor which has a drain and 
a gate electrode and by which a source electrode is connected to one in an input 
data line of the related Y bookA voltage source connected to a drain electrode of 
each precharge transistorsBefore being connected to a gate electrode of each 
precharge thin film transistor and connecting data on the input video data line of 
Y book to a switching elementa related pixel capacitor of a selected low in a 
switching element of all the data lines and selected X group. A pixel precharge 
circuit possessing a precharge signal line which can be made to carry out 
discharge to an input video-data voltage level in which it flows and precharges 
and each pixel capacitor forms display PIKUCHUA with the data line. 
[Claim 9]ln the pixel precharge circuit according to claim 8they are No. odd input 
data line Di and D3 further.. The 1st prescribed voltage connected to a drain 
electrode of precharge transistors connected to Dn-i Input data line D2 of No. 
evenD4 A pixel precharge circuit which has the prescribed voltage from which 
the 2nd connected to a drain electrode of precharge transistors connected to Dn 
differs. 

[Claim 10]lt is separated by film of electrooptics material and at least one side an 
entrance cable of an LCD display in which the 1 st and 2nd substrates counter 
which is glass in a system to reduce this systemA switching element of Y 



sequence of X group which accumulates on the 1st substrate at Z lineperforms 
charge and discharge between a predetermined voltage level (V+ or V-) and an 
input video-data voltage leveland generates an LCD display imageA video-data 
entrance cable of Y sequence deposited on the 1st substrateand a 
demultiplexing circuit which deposits on the 1st substrate and connects a video- 
data entrance cable of Y sequence to a corresponding element in a switching 
element of each Y sequence of X group one by oneA demultiplexing circuit 
enables it to connect a video-data entrance cable of Y sequence to a switching 
element of X group one by one over the fixed time tA system for which the 2nd 
fixed time only for the 1st hour to be touched one by one by each of X groupand 
for a switching element of the last group X stabilize it to an input video-data 
voltage level as for a video-data line possesses a control means acquired further. 
[Claim 1 1]A load live means to generate a signal which is connected to Z line of a 
switching element of X groupand selects each of a switching element of Z line 
one by one further in the system according to claim 10A system including a 
precharge circuit where only the 3rd hour precharges each switching element of 
each low selected before being connected to Z line of Y sequence and 
demultiplexing a video-data entrance cable of a switching element of X group. 
[Claim 12]A system containing the 4th hour to precede a switching element in low 
n-1 with the 3rd precharge period that carries out DISE recto by insulating so that 
a low select signal may be removed and a switching element may hold the video- 
data electric charge further in the system according to claim 1 1 . 
[Claim 13]A system which are t=42microSX= Sand Y= 64 in the system according 
to claim 12. 

[Claim 14]ln a system which reduces the number of data drive lines to a LCD 
display systemA display has the 1st and 2nd substrates that were separated by 
an electrooptics material layer and that counterPIKUCHUA is displayed at least 
that it is connected to two or more pixel capacitors at the appearance which is 
glass and two or more in-house-data lines deposited on the 1st [ in a X group Y 
sequence Z line ] substrateand the 1st substrate is charged. This system 



demultiplexs an in-house-data line of a X group Y sequenceand a video-data 
input signal line of Y book to all the pixel capacitors one by one in the 1st fixed 
time tTo each of a X group Y sequenceonly the 2nd fixed time is demultiplexed 
one by one. Although a pixel capacitor which carried out discharge of all the in- 
house-data lines and the selected pixel to an input video-data voltage level and 
with which the last of X group was selected is stable to an input video-data 
voltage level. The 1st circuit where the 3rd fixed time that enables it to have 
sufficient time is acquiredand the 2nd circuit that insulates all the pixel capacitors 
in low n-1 in the 4th fixed timeit being the 3rd circuit that is alike into the 5th fixed 
time and precharges all the in-house-data lines and a pixel capacitor in the low n 
to the 1st voltage levelandEach low which a pixel follows with a data signal by 
which only time which was charged one by one to the 1st voltage leveland was 
displayed on the next was demultiplexed. A system possessing said 3rd circuit it 
is changed to an input video-data voltage leveland a pixel in each n-continuation 
low 1 is insulatedand forms display PIKUCHUA. 

[Claim 15]ln an improvement circuit of an LCD display which has the input video- 
data line by which multiplexing video data signals are connected to two or more 
pixel capacitors in Y line of X group in Z line scanned serially of operationThe 1st 
circuit means in which this circuit precharges all the data lines and a pixel 
capacitor in the low n only for the 1st fixed time to the 1st prescribed voltage 
levellt demultiplexs in the 2nd fixed time that follows a video-data input signal to 
a pixel capacitor of X group in the scanned low n. A circuit possessing the 2nd 
circuit means in which the 1st prescribed voltage level of each pixel capacitor of 
X group in a scanned low is changed into to an input video-data voltage leveland 
a video display is formed at the time of serial scan of Z low. 
[Claim 16]A circuit including the 3rd circuit means that scans Z low serially in the 
3rd [ further ] fixed timeinsulates all the pixel capacitors in low n-1 in the circuit 
according to claim 1 Sand precharges all the pixel capacitors in the low n in the 
1st fixed time after that. 

[Claim 17]ln the circuit according to claim 16the 2nd circuit means demultiplexs a 



video input signal over all the pixel capacitors of X group in the given low n within 
the 2nd time tand voltage of each pixel capacitor is changed into the 2nd input 
video-data voltage levelThe 1st circuit means precharges all the data lines and 
each pixel capacitor in the selected low n in the 1st fixed timeand precharges 
each pixel capacitor to the 1st prescribed voltage levelA circuit which carries out 
DISE recto [ of low n-1 ] when the 3rd circuit means separates all the pixel 
capacitors in low n-1 in the 3rd fixed time. 

[Claim 18]ln the circuit according to claim 17The 2nd circuit means demultiplexs 
a video-data input signal to each pixel capacitor of X group within t/X 
timeacquires additional time after thatand the low n as low n-1. A circuit with 
sufficient time for each pixel capacitor in X group to be stable to the input video- 
data voltage level before DISE recto is carried out. 

[Claim 19]By an electrooptics material layer. The 1st whose 1st substrate it 
dissociates and is glass at least and which counters. And in the number reducing 
method of data drive lines of an LCD display which has the 2nd substrate and 
has two or more pixel capacitors which generate PIKUCHUA when it deposits on 
the 1st [ of X group of a X low Y column ] substrate and is chargedThis method 
carries out the multiplexer of the following stepi.e.the video-data entrance cable 
of Y book to all the pixel capacitors of a (a) X group Y columnone by one into the 
fixed time tTo each of a X group Y columnthe multiplexer only of the 1st fixed 
time is carried out one by one. The 2nd fixed time is acquired by pan enabling it 
to have sufficient time for a pixel capacitor with which each data line and a 
selected related pixel received a voltage level selected beforehandand the last of 
X group was selected to be stable on a prescribed voltage level(b) Separate all 
the pixel capacitors in low n-1 into the 3rd larger fixed time than the 1st fixed 
timeand precharge all the pixel capacitors in the low n to the 1st predetermined 
voltage level in the 4th fixed time smaller than the (c) 1st fixed time(d) How to 
consist of what step (a) - (c) is repeated one by one about each of Z lowand 
display PIKUCHUA is formed for. 

[Claim 20]ln a formation method of an LCD display in which electrooptics 



material dissociates and the 1st substrate has the 1st and 2nd substrates that 
are glassand that counter at leastThis method deposits a video-data entrance 
cable of Y book on the following stepi.e.the 1st substrateX group of Y switching 
elements of Z low is deposited on the 1st substrateA common electrode to all the 
switching elements is formed on the 2nd substrateDeposit a load live line on the 
1st substrateconnect a load live line to an element by which a switching element 
of Z low was selected one by oneand a switching element of each low is 
activatedA demultiplexing element of Y X groups is deposited on the 1st 
substrate. Connect a demultiplexing element of Y X groups to a video-data 
entrance cable of a switching element of Y X groupsand Y bookand a video-data 
entrance cable of Y book is continuously connected to each of a switching 
element of Y X groups one by oneand form video PIKUCHUA by a video data on 
an entrance cable. How to consist of things. 

[Claim 21]ln a formation method of a pixel precharge circuit which drives an LCD 
display which is separated by electrooptic material layer and has the 1st and 2nd 
substrates at least whose one side is glassand that counterThis method deposits 
two or more switching elements containing the following stepi.e.a switching 
transistor in which each forms a display elementand a pixel capacitor as a X 
group of a Z low Y column on the 1st substrateForm a common electrode for 
pixel capacitors on the 2nd substrateand a video-data entrance cable of Y book 
is formed on the 1st substrateA load live circuit which activates a switching 
element in each low 1 which is connected to a switching elementselects a given 
low one by oneand is selected one by one - Z is deposited on the 1st substrateA 
demultiplexing circuit of X group which connects a video-data entrance cable of Y 
book to a switching element of a X group Y column in each low 1 - Z one by one 
is deposited on the 1st substrateY precharge elements connected to a 
corresponding element in Y switching elements in selected X group are 
deposited on the 1st substrate. Precharge each pixel capacitor in the selected 
low 1 - Z to the 1st prescribed voltageand to it with a video-data voltage level on 
an input video-data line of Y book. How to consist of what voltage of each 



selected pixel capacitor changes to an input video-data voltage leveland video 
display PIKUCHUA is formed for at the time of a selection of each low. 
[Claim 22]ln an entrance cable reducing method to an LCD display in which it 
dissociates with an electrooptics material filmand at least one side consists of the 
1st and 2nd substrates that are glassand that counterThis method deposits the 
following stepi.e.a switching element of a X group Y columnon the 1st substrate 
at Z lowperforms charge and discharge between a predetermined voltage level 
(V+) and an input video-data voltage leveland generates an LCD display 
imageDeposit a video-data entrance cable of Y column on the 1st 
substratedeposit a demultiplexing circuit on the 1st substrateand a video-data 
entrance cable of Y column is connected to a corresponding element in each Y 
column switching element of X group one by oneConnect a control means to a 
demultiplexing circuit and it enables it to connect a video-data entrance cable of 

Y column to a switching element of X group one by one over the fixed time tHow 
to consist of what additional time only for the 1st time t/X to be connected to each 
of X group one by oneand for a switching element of the last group X stabilize a 
video-data line from a predetermined voltage level (V+) to an input video-data 
voltage level is acquired for. 

[Claim 23] It has the 1st and 2nd counter substrates that the 1st substrate is glass 
at least and were separated in an electrooptics material layerAnd in the number 
reducing method of data drive lines of an LCD display which will generate display 
PIKUCHUA if charged by a data signal which two or more pixel capacitors have 
deposited as a Y column Z low of X group on the 1st substrateand multiplexed on 

Y data input linesThis method separates all the capacitors in low n-1 by the 
following step of during timei.e.the 1st circuit [ 1st ]AII the pixel capacitors in the 
low n are precharged to prescribed voltage by the 2nd circuit during the 2nd 
timeY video-data input signals over all the pixel capacitors of a X group Y column 
in the 3rd fixed time tTo each pixel capacitor of a X group Y columnonly the 4th 
fixed time t/X by the 3rd circuit. Although a pixel capacitor which changed into a 
predetermined video-data-signals voltage level predetermined precharge voltage 



of a pixel capacitor which demultiplexed one by one and was selected and with 
which the last of X group was selected further is stable to a video-data voltage 
level. In order to be able to have sufficient timethe 5th hour is given furtherHow to 
consist of what repetition charge of each continuation low n of a pixel is carried 
out one by onethe predetermined precharge voltage changes with the 
demultiplexed video data signals to video-data voltageis separated within each n- 
continuation low land display PIKUCHUA is formed for. 
[Claim 24]ln an improved method of an LCD display which has a multiplexing 
input video data on a line demultiplexed to two or more pixel capacitors in a X 
group Y column line of Z low scanned serially of operationThis method 
demultiplexs an input signal to X groupafter precharging the following stepi.e.all 
the column lines in the low nand a pixel capacitor to a a certain time 
predetermined precharge voltage level by the 1st circuit meansit demultiplexs to 
a pixel capacitor of X group in a low which has input video data signals scanned 
by the 2nd circuit means. How to consist of what a precharge voltage level of 
each pixel capacitor of each of X group in a low selected when Z low was 
scanned serially changes to an input video-data voltage leveland a video display 
is formed for. 

[Claim 25]A method containing a step which scans Z low serially by the 3rd 
circuit means furtherseparates all the pixel capacitors in low n-1 in a method 
according to claim 24and precharges all the pixel capacitors in the low n after 
that. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention about a video display and a related drive 
circuit generallyWith the video data signals with which what was selected using 



the data line and the pixel capacitor which are precharged before reducing the 
number of input video-data lines especially using a multiplex configuration and 
adding video data signals comes. It is related with the LCD video display column 
drive circuit where discharge is carried out [ in ] to a suitable leveland display 
operation is strengthened. 
[0002] 

[Description of the Prior Art]The matrix display device uses two or more display 
elements which were generally made into the procession matrix configuration 
and were supported by the both sides of the electrooptics material thin layer. The 
switching device accompanies the display element and controls impression of a 
data signal. This display element contains the pixel capacitor driven with the 
transistor as a switching device. One of the pixel electrodes is in the one side of 
a matrix displayand the common electrode to each pixel is formed in the opposite 
hand of a matrix display. A transistor is a thin film transistor (TFT) usually 
deposited on transparent substratessuch as glass. The source electrode of the 
switching element transistor is connected to the pixel electrode deposited in the 
same side as the switching transistor of a display matrix on glass. The drain 
electrode of all the switching transistors in a given column is connected to the 
same column conductor to which a data signal is impressed. The gate electrode 
of all the switching transistors in a given low is connected to the common low 
conductorand all the transistors in the low which the low selection signal was 
added to it and selected are changed to an ON state. By scanning a low 
conductor with a low selection signalall the switching transistors in a given low 
are set to ONand all the lows are selected one by one. 

Simultaneouslysynchronizing with selection of each lowvideo data signals are 
added to a column conductor. If the switching transistor in a given low is selected 
by a low select signala pixel capacitor will be charged with the video data signals 
sent to a switching transistor by the value corresponding to the data signal on a 
column conductor7 Each pixel which has an electrode on both sides of a display 
acts as a capacitor. If the signal over the selected low is removedthe electric 



charge in a pixel capacitor is accumulated till the next repetitionthe low will be 
again selected by a low select signal thereand new voltage will be accumulated. 
ThusPIKUCHUA is formed on a matrix display of the electric charge accumulated 
in the pixel capacitor. 

[0003]Although the term of "video" is generally used to the television 
signaldisplays other than TV PIKUCHUA or a display shall be covered here. 
Such a display can be made into the handheld computer game etc. which have a 
move figure LCD display. 

[0004]lt depends on the number of image formation pixels for the resolution of 
PIKUCHUA developed. The display of the 1024 column 768 low [ display / 
commercial / monochrome active-matrix-liquid-crystal ] in un-scanning is 
common. Such a display needs 1792 lows and a column driver lead. 
[0005]Clearlyit becomes difficult to connect many necessary columns and load 
live lines to a displayso that there are many pixels within a matrix. 
Thereforemany devices for reducing the number of connection required between 
a matrix external circuit and the circuit deposited on the matrix itself are 
developed. Accumulating a scanner electronic device on the display board using 
the same art as using it for manufacture of the pixel driver of an LCD element is 
proposed by U.S. Pat. No. 4922240. In order to select an individual pixelreducing 
the number of connection with a matrix using the commutator or switch structure 
based on the same matrix configuration as being used with an active display is 
also proposed. The operation used as a TV display is not indicated. 
[0006]ln U.S. Pat. No. 5151689. The switching composition which connects at 
least two display elements to the signal wire in each low is used. The display 
device with which the column signal line numbers added to each of at least two 
display elements which scan each low seriallyand by which the display signal 
was connected to the signal wire via the same signal wire at a time serial were 
reduced is indicated. Thereforethe total of a signal wire can be reduced below to 
the number of display elements of a row direction. 

[0007]Reducing the number of address conductors Is proposed by considering a 



PIKUCHUA element as the group composition of at least two PIKUCHUA 
elementsand carrying out the address of the PIKUCHUA element of each group 
to U.S. Pat. No. 4931787 by the same switching signal and a data conductor. 
The switching transistor relevant to the pixel element of each group can operate 
with a voltage level of a switching signal differentrespectively. Thereforethe 
switching transistor relevant to the PIKUCHUA element of each group is 
selectively controllable by using the switching signal acquired from the drive 
means from which a voltage level changes by a predetermined method over the 
selection amplitude range. Thussome different voltage can be impressed to one 
conductorand the pixel of the same number can be operated. 
[0008]except for these publicly known examples — a commercial active-matrix- 
liquid-crystal display — all are almost non-scanning-types. Such a non-scanning 
display needs one external lead for every column and low line. As described 
abovethe direct line interface driver for a monochrome 768x1024 computer 
display needs the lead of 1792. As described aboveit is a serious problem to 
process this much many leads within a display driver. This is a problem 
worseningso that the resolution and complexity of a display increase. Two 
primary targets for solving a problem are accumulating the driver circuit which 
reduces the number of necessary input leads and consists of a shift 
registerRATSUCHIand a driver on the display board. Since it becomes 
unnecessary to mount an integrated circuit to up to each substratecost is 
reduced by this and reliability improves. 
[0009] 

[Summary of the InventionJThis invention relates to a new data driver circuit and 
a new drive method directly accumulable on the display board. Therebythe cost 
of peripheral integrated circuits required to connect a non-scanning active-matrix- 
liquid-crystal display to an array and a hybrid assembly becomes unnecessary. 
Thereforein this invention384x240-pixel color handheld computer TV is used as 
an exampleOn the display itselfa demultiplexer and a precharge circuit are 
manufactured by a thin film transistor (TFT)a video data is transmittedand a 



display is directly interfaced with a video source. Let the video signal from the 
source of video which is not on a display be a multiplex configuration which goes 
to a display via input data read using one sixth of the directed line time intervals. 
As described abovethis is a mere example and can use different ratios to other 
displays on which the numbers of input leads differ. The block [ 1st ] 
demultiplexing circuit can transmit a video signal to the display in-house-data line 
of the 1st group with a control signal. The video signal of the 2nd group can be 
transmitted to the in-house-data line of the 2nd group throughout [ 1/6 term / of ** 
the 2nd of a directions line time interval ] after data transfer completion of the 
beginningthe vertical filei.e.the columnof the 1st group. This is performed by 
enabling the control signal of the 2nd demultiplexing circuit. This operation is 
continued one by one to 1-N of other displays on which the demultiplexing 
circuits 1-6 in the example of use differ from the number of columns. 
[0010]Thereforeall the lows of video information are transmitted to an in-house- 
data line by demultiplexing the video signal to the switching element of Y X 
groups in Z low selected in assigned data-input-time t. The advantage of this new 
demultiplexing drive method is reduced to 79 in which the number of external 
lead connection includes 384 in an example to 64 input data linesrequired 
controland a clock signallt is that the problem on a TFT LCD assembly with a 
small connector pitch and mounting is solved remarkably. As a resulta 
manufacturing cost is reduced. 

[001 1]A precharge circuit other than a demultiplexing method is used for each 
data line. It is used just for these circuits being made to carry out discharge of the 
data line and the pixel capacitor to a necessary level into the data signal input 
time interval t which precharged the related pixel capacitor simultaneously to the 
primary constant-voltage level of a high or a lowand was assigned. Only two 
transistors are used for each data linebut they are an object for input signal 
demultiplexingand an object for precharge of an in-house-data line. Thereforeit 
becomes easy to manufacture a matrix with high yield. 

[0012]Thereforeit becomes the main features of this invention to manufacture 



LCD which has the demultiplexer circuits and the precharge circuit which were 
deposited on the display itself using the thin film transistor. 

[0013]AII the data lines and the pixel capacitor in the selected low are precharged 
to a predetermined voltage level. So that it may end in little time rather than it will 
be necessary to carry out discharge of the data line and the pixel capacitor to a 
necessary level and carrying out charging of a pixel capacitor and the data line 
into a data signal input time interval. It is another feature of this invention to 
provide the new data driver circuit for self-scanning TFTLCD devices which has 
precharge transistors to carry out to each data line. It is also the feature of this 
invention to raise the yield under manufacture to each data line only using one 
demultiplexing transistor and one precharge transistors. 
[0014] 

[Example] Drawing 1 is a basic block diagram of the new display system 1 0 
containing the display device 14 and the "off-glass (off-glass)" control circuit 12 
which is independently connected to the display 14 and drives the element on it. 
The active-matrix-liquid-crystal display (AM LCD) shown in drawing 1 is typically 
constituted by 200000 or more display elements. Clearlyabout the display of 
television PIKUCHUAthe resolution of PIKUCHUA becomes highso that there are 
many display elements. For exampleabout handheld computer TVthe array can 
contain 384 columns and 240 lows. In such a casethe display element and pixel 
exceeding 92000 pieces are needed. Of coursethis number increases about a 
large-sized set. The transistor used for the drive of a pixel is a thin film transistor 
(TFT) usually deposited on substratessuch as glass. The substrate which 
counters is separated by electrooptics material including the common element on 
the electrode and counter substrate which deposited the display element on 
glass. On the substrate 14 which can be used as glassthe column-data driver 
circuit 16 drives the column line 24 with video data signals. It can be considered 
as the thing of a publicly known arbitrary typethe pixel in each selected low is 
activated one by oneand the lows 1-240 drive the low selection driver 25 one by 
one. 



[0015]ln the external control circuit 12 which became independent in the display 
14the sample capacitor 50 receives data from the input circuit 64 via the shift 
register 49. It harmonizes with the data in the shift register 49and redgreenand a 
blue video signal are connected to the sample capacitor 50 from the circuit 58. A 
clock signal and a level vertical-synchronization-ized signal are supplied from the 
control logic 60. The high voltage generator 62 supplies required high-tension 
electric power. The output of the sample capacitor 50 is connected to the output 
amplifier 52 of 64. Thereforewhen the display element of 384 is contained in the 
pixel of 1 lowmultiplex connection of the 64 data input lines 13 is carried out to 
384 display elements on every 64-bit board 14 at a stretch. The video output of 
64 is connected to the column conductor 24 via the column-data driver 16 by the 
line 13 so that a postscript may be carried out. By the line 18. Different X in the 
low by which six pairs of video select signal lines were added to the column-data 
driver 16 on the glass 14 from the control circuit 12the output signal of 64 was 
demultiplexedand it was selected in Z (240) low on the glass 14. (6) It is 
connected to the Y (64) column 24 of a group one by one. Low selection driver 
signalsa clockand a power line are connected to the low selection driver circuit 
25 via the line 12 from the control circuit 12 so that a postscript may be carried 
out. The low selection driver circuit 25 can be made into publicly known arbitrary 
circuits. A precharge signal is connected to the substrate 14 via the line 48. 
[0016]lf the 1st low 26 is selected so that a postscript may be carried outthe 
display elements 1936and 42 of the low 1 of drawing 1 will be activated. Nextthe 
signal which charges each data line and each pixel capacitor 22 in the 1st group 
to prescribed voltage by the precharge circuit in the column-data driver circuit 16 
is given one by one. Nextif a data signal is added to the column line 24a 
capacitor will be discharged only the quantity depending on the level of the data 
signal added to the column line 24. The reason which enables it to discharge the 
capacitor 22 with a data signal using a precharge circuit is for discharging early 
farther than the case where it is shown in drawing 4 . As shown in drawing 4 the 
time quantity taken to charge to the value which a capacitor shows by the 



number 23 from 0 is X. Howeverthe time quantity taken for a capacitor to 
discharge from the maximum to the same level is Y far smaller than X. The time 
Z taken to require and discharge the time t fully although the whole quantity is 
charged is short. Since the charging time value is far quicker than charging timeit 
can discharge a data-line capacitor to a suitable voltage level in a data signal 
input time interval. Therebythe time which a data-input-time interval takes can be 
shortened. 

[0017]Thereforeif each low is excited one by oneit will charge simultaneously to a 
total value and all the pixel capacitors of all the groups in the selected low will be 
discharged one by one within X group. Thusthe Y switching transistors 1936and 
42 of X group of Z low deposit on the substrate 14. When a display is for 
examplea 384x240-pixel displaysix groups of 64 switching elements of 24 lows 
accumulate on a substrate. Such an example is examined here. 
[0018] Drawing 2 is a detailed diagram of the substrate 14. Herea video signal is 
given by the column control circuit 12 of the substrate exterior via the line 13 to 
the substrate 14. A low is selected one by one by the publicly known row-drivers 
circuit 25 containing the TFT transistor which operates with the control signal 
from the control circuit 12 through the line 21 of drawing 1 so that it may be 
publicly known. A low is shown in drawing 2 as 1 - a Z lowand shows only the low 
of the beginning and the last. The remaining lows are the same. Y switching 
elements of X group are also shown in drawing 2 . A switching element is 
constituted by a transistor and the related pixel capacitor. In order to simplifyonly 
the four switching elements 868890and 92 are shown in the 1st group shown by 
the number 72. If the numbers of columns which X group uses actually being six 
groups are 384 columnssuch a switching element will be 64 pieces. The gate of 
the transistors 788082and 84 which can be used as the thin film transistor 
deposited on the glass substrate 14 is connected to the row-drivers circuit 25 via 
the low conductor 1. The pixel capacitor 9496and 98100i.e.display elementsis 
connected to each source electrode of the transistors 788082and 84. The 
electrode 28 is the 2nd plate of a pixel capacitorand is a common electrode 



segment arranged on the counter substrate of the display 14. 
[0019]The precharge circuit 116 generates an output signal via the line 118 
connected to all the 384 precharge transistorsand each precharge transistors are 
connected to each 384 column lines on the substrate 14. The sample of 
precharge transistors is shown in the group 1 who shows by the number 66. The 
drain of the precharge transistors 120 is connected to voltage source V+and the 
source electrode is connected to in-house-data line column Di. Such a transistor 
is connected to all the No. odd column lines. For examplein drawing 2 the drain 
electrode of the transistors 120 and 124 is connected to the V+ voltage source 
128. The drain electrode of the transistors 122 and 126 of the No. even column 
line is connected to the V-voltage source 127. 64 output line Di.64 from the 
column driver circuit 12 shown by the number 13 includes the video signal by 
which multiple connection was carried out to each of X group. In this example in 
which the number of columns is set to 384there are six groups (X= 6) of 64 
columns (Y= 64) which receive a multiplexing video input signal from the 
entrance cable 13. The demultiplexer circuits 102 generate phase 1 and phase 2 
pulse connected to the gate of the demultiplexing transistor 108110....112114 in 
the group 1 of the block 1 . The groups 5 and 6 (X-1 and X) who show by the 
numbers 68 and 70 with the line pair 130 from the demultiplexer 102 and the 
same signal on 132 drive. Thusthe 64 video-data entrance cables 13 are first 
connected to 64 columns in the switching element 8688....90and the 1st group 72 
of 92 by the demultiplexer drive circuit 102and it is connected to the group 2 
whom 64 lines follow next - each of X one by one. Thereforethe 64 data input 
lines 13 are connected to the switching element of the following five groups 
including the groups 74 and 76 who illustrate one by one. Each low 1 - Z are also 
selected one by oneand Z is equal to 240 lows in this example. 1 low is selected 
whenever 64 input data lines are connected with the six groups 1 - all of X one by 
one. 

[0020]Thereforeif it summarizes drawing 2 shows the block diagram of the 
accumulated data driver circuit. It has a display which provides 384x240-pixel 



color handheld computer TV as a mere example. A level pixel count is 384. A 
multiplexer and the precharge circuits 66-130and 132six groupsit is 
manufactured by the thin film transistor on the ** display itselfa video data is 
transmitted to an interface from the entrance cable 13and a display interfaces 
with the video signal from the source of video through the line 13 directly. He is 
trying for the video signal from the source of video (off-glass integrated circuit) to 
arrive at the 64 data lines of the display 14 at a stretch via the input data read 13 
(Di-64) using the directed line time intervalas shown in drawing 2 .With two control 
signals from the demultiplexer circuits 102 of line 104106 superiors. A video 
signal is transmitted to the block [ 1st ] demultiplexing transistor 1081 10... .1 12 
within the block 66and the switching element which 114 was enabled and was 
connected to 1st 64 in-house-data line Di of a display - D64 via the line 13. After 
data transfer completing to the 1st 64 column switching elementthe following 
video signal of 64 is transmitted to in-house-data line Des - D128 throughout [ 1/6 
next to directed line time interval ]. This enables the control signal of the 2nd pair 
of the 2nd demultiplexing circuit (not shown)and is performed. The same 
operation is continued one by one to the demultiplexing circuit in the group 3-6. 
Thusall 1 low lines of video information are transmitted in the data input time to 
which 42microS was assigned to an in-house-data line. 7microS for stabilizing a 
pixel is added. Thereforethe total data input time is set to 49microS. 
[0021]The advantage of this new demultiplexing drive system is that the number 
of external connection is reduced from 384 to 79and the small TFTLCD assembly 
and mounting problem of a connector pitch are solved remarkably. As a resulta 
manufacturing cost is reduced. 108110 .... It adds to the demultiplexing method 
which uses the transistor of the 1 121 14th gradeTransistor 120122 .... The data 
line and a switching element related using the precharge transistors of the 
124126th grade are simultaneously precharged to predetermined voltage-level 
V+ or V-Only the inside of a data signal and an input time interval should be 
made to discharge the data line to a predetermined video signal level. Each 
column line accompanies such one precharge transistors. In this inventiononly 



two transistors are used for each data linebut it is a demultiplexing transistor and 
precharge transistors. Thereforea circuit can be manufactured with high yield. 
[00221Nextif drawing 2 is referred to together with the timing diagram of drawing 
3it turns out that the scanning line time interval of the 384x240-pixel display 
which interfaces with a NTSC TV system from the (a) line of drawing 3 is set to 
about 63microS. A schedule line time is 42microS to multiplex transmission of 
the video data from 6microS and the source of external video to the data line of X 
group of a display to SmicroS and scanning data line precharge to pre- line DISE 
lectionand is 7microS to stabilization of a pixel. This is shown in the (c) line. 
Thusif the (d) line of drawing 3 is seenline 1n-i before scanned during the DISE 
recto time of the first SmicroS will be discharged from the selection level of 20V 
grade to the DISE recto level of -5Vas shown in the (e) line of drawing 3 . All the 
pixel capacitors in n-1 line are separated by thisand the video-data electric 
charge is held.The precharge signal of the low n shown in the (f) line goes up to 
the prescribed voltage of 25V grade only SmicroS following the DISE recto time 
of SmicroS. The transistor 120122. ...124126 is considered as one and they are 
No. odd in-house-data line Di and D3 in SmicroS. — D383 is precharged to V+ 
level and they are No. even in-house-data line D2 and D4.... D384 is precharged to 
V-level. For exampleV+ voltage level is about 5vand V-voltage level is about Ov. 
Howeveras for V+ levelit is advantageous to make it a little lower than 5Vand to 
raise the working speed of a device. As shown in drawing S an in-house-data line 
and a pixel capacitor can be charged during the precharge period of SmicroS at 
V+ value lower than the maximum voltage of 5V. Nextthe same time as deltaV2 
serving as the maximum data voltage from V+and deltaVi being discharged to 
minimum data voltage during [ when a pixel capacitor is charged by the data line 
to a data input voltage level ] the 7microSis required. In any casethe charging 
time of deltaV2 and the charging time value of deltaVi can be shortened 
namelyoptimized. It is shortened to the time quantity taken for the data line and 
pixel capacitor charging time to obtain deltaV2and if necessary data-line 
prescribed voltage is lower than SVonly time quantity with a charging time value 



equal to discharge of deltaV2 to a necessary level will be shortened. It does In 
this wayV+ voltage level is optimized. A time lag when discharging the pixel 
capacitor relevant to the time of charging the pixel capacitor relevant to an in- 
house-data line to the maximum input video-data-signals level of 5V and an in- 
house-data line to the minimum input video-data-signals level of OV can serve as 
the minimum. Thussince a pixel capacitor is not charged during a precharge 
period to the total value of SVnecessary precharge time becomes short. The 
same analysis is applied also to the V-voltage level 127 of the No. even 
precharge transistors 122... .126. 9496 .... After all the in-house-data lines and 
pixel capacitor in the low by which the 98100th grade was selected are 
precharged to V+ or V-levelthe coming video data signals (redgreenblue) and its 
complementary signal are sent to the data input lines D1-D64. In this 
caseDiD3 .... Dea is a straight polarity video signal and is D2 and D4.... D64 is that 
complementary polarity video signal. Such video signal voltage is shown in G) 
and the (k) line of drawing 3 . As shown in the (g) line of drawing 3 only 7microS 
can pull up the control signal from the demultiplexer driver circuit 102 through the 
lines 104 and 106 to 25V and SOVrespectively. In this caseas each entrance 
cable of other X groups which are X= 6 is shown in (g) of drawing 3 (h)and a (i) 
linea video data is connected via the line 13 only in 7microS. The data line is 
divided to two groups of odd-even because a data voltage polarity-reversals 
method is used in this system. Data voltage polarity is changed between 
SUFIRUDO of the TV frame. It is used for 7micro of last S of a 63microS time 
interval stabilizing a final groupthe group Xand an inner pixel. 
[00231Let the demultiplexing transistor 1081 10... .1 121 14 be the size which can 
be discharged within 15 mV of the video-data color signal with which in-house- 
data line Di - D64 come in this example into the assigned time interval which is 
7microS. Continuous action is repeated to each demultiplexer circuits of 66- 
68and 70or all six groups. 

[0024]At the time of the n-thjow linear-scanning operation startthe pixel switching 
transistor of the low n is already thoroughly set to ON. Thereforeafter DISE recto 



[ of the low n-1 scanned ] is carried outthe pixel of the low n is precharged next. 
When [ whose remaining 49microS data input transfer time is every 8microS ] 
intrinsically assigned to equal timeThe block [ 1st ] pixel transistor of Di of the low 
n - D64 column has all the 49microS for a pixel charging time valueThe block 
[ 2nd ] pixel transistor of the low n connected to Des - D128 column has a charging 
time value which is about 41microS. It is set to about 33microS and the 3rd block 
is the same as that of the following. Only the pixel charging time value of small 
9microS is substantially left behind to the final block pixel transistor of the low n. 
If the time of 7microS is assigned to each of the pixel transistor of six groups and 
7micro of last S is made pixel stabilization as shown in drawing 3 (d)sufficient 
charging time value for all the pixel transistors will be given. If a charging time 
value is shorterror voltage deltaV to the 6th block of a pixel can be generated. In 
order to reduce deltaV and to consider it as the resolution of 256 gray levelsit is 
desirable to assign 7 moremicroS to pixel stabilization time. In this case14microS 
for the pixel capacitor of the 6th group to be stable to that video signal level can 
be used, (e) As shown in a linewhen DISE recto [ of the n-1 line ] is carried 
outthe voltage which n line is selected and is impressed to the line is the 
maximum of 20Vas shown in (e). 

[0025]A demultiplexing ratio affects the number of video leadsand the number of 
signal input leads. It can optimize or reach a compromise according to 
application of a product. For exampleto a high resolution and/or high PIKUCHUA 
qualitymany video signal leads are connectable with the substrate 14 with per 
[ sufficient ] not 64 but group using a small demultiplexing ratio. Or a demand 
grade is lowto low-speed video productsthe number of input leads can be 
reduced substantially. 

[00261According to the fact that the data line and a pixel are discharged during 
the input of a video signal for the direction charged rather than discharging in 
order to use N channel transistor for signal transmission with this application and 
to obtain a signal level exact again to be performed easily and promptly far. 
Required maximum-voltage level precharge of the data line and the pixel is 



carried out. 

[0027]lt can be considered as one control line signal which combines phiie and 
phinando (lines 104 and 106)and is supplied to all the gates of the multiplexing 
transistor 108110....112114 in the group 1. Gate voltage stress combination of 
the signal phiie and phinando for the device property of the demultiplexing 
transistor 108110....112114 instead of a problem to make an in-house-data line 
and a pixel capacitor discharge uniformly. It can carry outwhen so good that it is 
enough. Similarly other demultiplexing line pairs of 130 and the 132 grades to 
other five groups containing 68 and 70 of drawing 2 can be combinedand it can 
be considered as one control line to each set. In such a casethe number of 
multiplexer gate control lines can be reduced by half. 

[0028]The active-matrix liquid crystal display in which the number of required 
data input leads is reduced by this inventionand a column and a row-drivers 
circuit are directly accumulated on the display board is indicated. Since the 
necessity of mounting an integrated circuit on an independent board is lostcost is 
reduced by this and reliability improves. 

[0029]About this example384x240-pixel color handheld computer TV is used. 
The number of level pixels is 384. A demultiplexer and a precharge circuit are 
manufactured by a thin film transistor on the display itselfa video data is 
transmittedand a display interfaces with the source of video directly. It is made 
for the video signal from the source of video of the display exterior to arrive at the 
data line of the display 64 at a stretch using one sixth of the directed line time 
intervals. With every two control signals [ 12 ]the demultiplexing transistor in 
different 6 blocks can transmit the coming video signal to each of six groups one 
by one to 64 in-house-data lines of six groups of a display. After video-data 
transmission completing to 1st 64 in-house-data linethe following 64 video 
signals are transmitted to in-house-data line Des - D128. This enables the set 
[ 2nd 1 control signal of a demultiplexing circuitand is performed. Transmission of 
each video data signals is performed throughout [ 1/6 term / of the directed line 
time interval ]. This operation is continued one by one about all six demultiplexing 



circuits. The whole video information of 1 low is transmitted in the data input time 
to which 42microS was assigned to an in-house-data line. 
[00301Although this invention has been explained about the exampleit shall not 
limit to the specific format which indicated the scope of an inventionand all of the 
change and correction Included in the pneuma and the scope of an invention 
which were specified in the claimand an equivalent invention shall be contained 
in this invention. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]T he new system for self-scanning TFTLCD video displaysand the 
basic block diagram of a data driver circuit. 

[Drawing 2]T he detail view of a matrix array and the data scanning circuit on it. 
[Drawing 3]T he figure showing the waveform of this inventionand timing. 
[Drawing 4] The capacitor charge wave form chart showing that a capacitor 
discharges more nearly promptly than charge. 

[Drawing 5] The wave form chart showing impressing voltage lower than total 

precharge voltage V+ or V- to a pixel capacitorand reducing time. 

[Description of Notations] 

10 Display system 

12 Column driver circuit 

14 Glass display 

16 Column-data driver 

25 Low selection driver 

49 Shift register 

50 Sample capacitor 
52 Output amplifier 
58 Video 



60 Control logic 

62 High voltage generator 

64 Input CLR 

66 Group I 

68 Group (X-1) 

70 Group X 

72 Switching element 

74 Switching element 

76 Switching element 

102 Demultiplexer driver circuit 

116 Precharge circuit 
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-^f A^-ft^^ t /X^F^F<glC7='?yUf^:/u-?x L-?-© 
^•HlP^F^^?frP-nii^P — n- 1 tLTx-f-bU-? 

h^n^mzx mf*i(o^k^<7 -tn^^v/^i/^ t'^'tayxti 
^y^*'r—'$'mE.iy^j\/^^&ft^<Dizy^^iSimm^ 

m 1 ©«««««'^XT'^:53*rRjr «S 1 fe<i:t?S 2 ©s 
L*^0 X P - Y I] ^ ACD X gf<DS 1 (Omi&±lzm 
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-\' / \°-> ^ (cjsfr 5 Y 2is:cD t'x t^ - ^ xtiHSi^mmmm 

m2(D@s^F^*t^6tisj:a(cu (b) fs^comm 
tf'>-b;u4^-*'/\'->-si^i^si6U (c) fs^<Dm^f^rs^ 

(d) ZP-(DS4^^^:■:JL^TX7^•y:/■ (a) ~ (c) ^ 

^^T'-^KhmrvmK^. mi osi|g±iczp-03Y 

mi©»«±lCP-K^f'3'^i^^JtaLTP-K 

^ -r z p -<Dx -< ^ > > H cD-b u 

■9 hT*-*XfcxU^>Klc^ig|LT§P-<DX-r-y5^>-9' 
X > h ^Slt^biT-a:, m 1 ©SfeJil;: X YfSODx 
^;U9^3^U':7-»'>-xup<>h^iiaU Xi¥Yfl0!)7^ 

33 Y *0 1: 7^;d- X — ? A:^i!« icejgg L T Y *0 tf 7^ 

< y > ^ > v'X ^ £<t: tf-? -b;l/+ ^ / \°-> ^ 
Cr«afflcDX< \<omiS±.^z Z p- Y 

a^A^XPiLTltau e-^-tyU+i'/x-i/^ffflitii 
m@^S2<DS«±lCjgfigU mi ©SfeJitCY^cDtf 

tiTm-^<DP-^g::>:-trU^ h L>i;^c-bU^ f-?n«S 
P- 1 ~Zrt©X<'y^:^-if«^^^S14<k3--t^:5p- k 

^'r:/is]ss^mi cDSteJiicisaL. Y*oDtr7^5j-7^- 
■siAi^ifil^s^p- 1 ~zrt©xs¥Y=i^Afl[);^-r->5^y 



^mi tDS45±tCitau -trU^ hJnfcXPrtODYfi 

{i<©:^ 'J ^ 1' — >'S?^m 1 ©B«±lclftffi LT-tr U-? 
h Tt-n/c P - 1 ~ Z <DS t:^ ■tr;U+ / \°-> 1 
m^^BE'v:/ 'J f - 1- - >>' L T Y :^<DAtl fx 5^ x - 
±<Dt:x;i-x-^JmEU'^;HcJ:y-bU-? h^-tifcSe 
^ t / \°-> ^ ©mff t;x;tx- ^ mff u^;u 
ic^ftLT^&P-C-trU"? hB$^^t:'x7^5='^';;^yKt: 

[if 3?^ 2 2 ] J: y 5^11;^ ti'X <!: t 

%s L c D x-r 7.:^^>r'\<DA:^li^a3i?^^^c^3L^T. 
iS:&^ti?>:<oxx -r^fc-e. xg^Yzj^L^tDx-r 

•> ^^^'^''^^ ^m 1 <D»te±lC Z P-tcJtaLTF/r^OD 
mU'Nyl/ (v+) J5J:l^A:^ex?|-x— S^msU^iU 
F^T-3t«[«^^Tt^LCDx^'7.3^^-1'^:&SfigU Y=l 
^A(Dex?t-x— A:^S^^m 1 <35Stg±lCitau 
x?;l/^y U-^ -»'>B«:&m 1 ©Ste±li:ita LT Y 
3 ^ /xCD fxTj-x— 5f A^JS^ X £D#47 (D Y =J ^ /*X 

h P -;U#S^x^;U5^ r U-? -> > -^IslSSlcSSg LT Y 
U^lKCDlfxTl-x— SiA^JS^B^^F^ t icfcfcoTX 
Sf^X-r •>5^V^m?lcg;^cigig!T'*5J:3lc U Ifx 

^^x-^^g^±m i jd^f^ t xxrzifxm(D^^icm^m 
(v+) 3b^6A^trx*x-'$fmff u^;u^ss-fb-r 

2 3] 'X <!: tm 1 <DStg*^*'^XT^ y m 

U 6^o^afliOt°^-fe;l/+-\'/\°->^ir!mi a)S«±lc 
XP(DYZl^^ZP-tLTie»*nTt^TYx-^iA 

ix-rxyu-r e-^^zLz^s^-r^ L c Dx-rxT^u 

P - n - 1 -V / \°-> ^iJ'il L. m 2 (omm'Piz 

m 2 CDlHj^lt J: t) p - n -tr -v / \ V ^ 

SBff'N:rijf^ + -v'U xefY=i^A<D^e^^-b;U+ 
■\' J \'->-St tcj^r S Y^l© Ifx^x— 5? A:^<l^^m 3 05 
SS^F^trtlC, *fcXgfY=l-7/*©<i>!7£Df -^-fe/b^^ 

+ /\°->-Sf iza LTitm4 (ommmps t / x mm 3 
»tcj:ys;jX:x^/Uf^yu>7XLx-feu-? K^n/cf^ 
-b yu+ + / x'i/^f <Dm^<^ 'J 5^ -fr - v'mBE^m^o fx 

^ X - ^ffi^ffiJE * e> tc X i¥05S^<D-b U 

'i' h ?n/c t*-? •fe/U+ 1' / V'-V ^ t*x :t X- ^ U'^ 

»c-r5/£:«>jc^etcm5<D^F^^-^?t, [^<7-k)\^(D^m 
- v^miix^/u^:/u-!7 x?nfc t:*x7^x-^^^i^ 
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SiF*3<D«af@G) tf •J' -t y I/+ -^^ / \°-> ■5t 'N^^^/U?^:/ U -$7 X 

=f- i- - U^yU'N^^U ^ ^ - V*- L/cSTA^ffi-^^ 
Xgf^x^;U5^:/"U^7 7.U ^2<DlHl»^eicJ:yA:tJ 
ti"7^7|- 7=^- ^fI^^^S5-n-5 □ — CD X gf<D e-? 

tl-S^tC-bU^^ h3-n/-cP-F«3©Xi¥<DS->«7<Dg-t:-j7-b 

[i§^^2 5] li?t^^2 4|Bi^<D:)^^^^:fcl^Ts 
ten 3 ©mSS^eicd: y Z P-^jS:*^]6 LTP- n - 

e-^ -t -^^ / x's/i? ^ y ij ^ — >-r « x 7^ y 

[00 0 1] 

ft'ifij^-r^ ti"7=^?|-7=^-'S'ffi^lJ:<fe y jgt;U35: U'^;l/'\7=^'f 
x^^-'Ji^nv'^ x:/^<flIf^*^^<b^tl5 l c d t* 

[00 0 2] 

o-'So 7.'r'>5^>-jf7='/^'r7.3B«x^^-7.7u-f'xu^> h 

^ tc J: y Iffl!?* tr^7 -t ;u^i i» / \°-> ^ A, 

T't^So t^^-tr/um^cD— •^A^^hU-^7Xx'1■xyK 
v-T.^ (TFT) T'^^o ;^-f y5^>^^^h^>-:^7. 

^* I- ^ >>'':^ i in i:flyT'«"^x±icita^-nfc tf ^ -t 



mzmmtFtiT^ y . ^tLictip -ji^ft-f-<)iijD;^ en 

r-trb^ H^tlfcP-F«9tD^h^>-:^'X^3b''ONtt^te 
^i^Jt»S^et^^. P-S^fI^t::J:yp-S(fl:^^g-r 
5JIi:lc,fcy, m-^©P-|^fl)^X'r'v5^>-5^h-5>v'" 
X4J««ON<!:5-nT±p-*fiig;^c-tU^' h^-ti^o IH^ 
tc. SP-cD]l^^c|^laBLT=l5i*^W^:t^^F?^7=^— $1 

< ^yy h 5 >s>'x^ if^Ti- 7=^—51 fi^ic 

«k y tf -J^ -t + / \--> ^ zi ^/^Sifjjjj-cox- ^ifi^(c 
J^JS'T^fillc^-^'— v-^+i-So 7=^-<xyu-r<Di3SffiiJic® 

U-? h^ti/cP-lc3^-rsfl^*W5feS-n«<!:. e-^-b 
[0 0 0 3] "fcl-7=^:t" it^dfflfitt-^etllCT^bev'- 

^ n 7* 7=^ -f X u -r j-Xi^ © 7=^ -r X :/ u 'T * * / ^- r « 
L c D7=^-f xyu-r^wr-SM^ k^;u Ky— L^^iir 
[0 0 0 4] fiBi^-+i«t:-?5^a7'o«'Mgg«^fiEi:r 

JSmT^'T X.:/H'Tli#f^*T l 0 2 4Z]-7i*7 6 8P 
7 9 2*(DP-fc<ktf=l^^.K^-1'/^'J-K^jei 
[0 0 0 5] ^eAHC. ^h'J'?Xrt<De'>-t;l/StS«$ 

irnTc^So JKa#ff^4, 922. 2 4o^tcttLc 

^tl^'J' hT-5/cA{>U7'^7'-<:f7=^-rXyb-fT'fi!ffl;t 

[0 0 0 61 7KS1tfFm5, 1 5 1. 6 8 9^1C«. 
< 2®©7^<X3^H'^?:&S^a-rtODfl^lCg 

X -f X:^ Kfl^fi^in LT^<Dff ^ICg 

Ji^n/c'X <tt>2<i<7)7^-rxrL"rs^flDS'«7iC'5i'r 
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[0 0 0 7] JKll1$fFm4, 9 3 1. 7 8 7^lCtt. e 

^ a T'm? ^'j^ < <i: t, 2 <H© f-? ^ iL Tm^<Dmmm 

zfy—'Stmrnzi: y kuxts c: t J; y KbX* 
^?l::B8ji-r^;^-f ^ V-^ h ^ > v'X^f ti;^ -v 5^ > 

[0 0 0 8] c:tie<7)ii5Ena)fliyj.X5i-T-t.. mSgflDT'^T' 

luiBLfc<i:-3tc^ Mfi7 6 8 x i o 2 4Z]>l^a.— 
/\"li1^7 9 2*(©'J-K^«g^gtr«c BulBLrcJ:^ 

•So F>gM=&^^r5/c46<D2 0(D±S;^tiRffgA^iJ- 
hU-:>'7>^. ^'>^*>J:tf K^-r/^A^ 

[0 0 0 9] 

3 8 4X240 t'-^-b/US^-ZN^ K^/U KT 

\y^n^^uzf^)^^-i^m^^mm\-^y'J7.^ (t 
b-r ±^c%l^ t•7=^7^ig6^ e © tf 7^7i-«^iiji,T^5-nfc 

5o B'j53L/ccfc-5lC. C:tlttm^S^JT'^y. A^'J- 



C:n«^2<7)x^yl/^yu-j7XlH]8S<D=l> hp 

[0 0 10] LfcA^oT. iijymsn/cT^— SfA:^Bt 
t ffUC-tr U-^ h?n/cZP-|:^<^iXgfY<l<D:^-f <y^ 
> ^'"^^ 'VO If T';tfl#^5='^;l/^ 3^ X f 5 C <t 

J: y t'7^;t1fi?©^P-*l^|*9giJ7=^-^J|g/\ei||;ttl5o 

- KS^iic«:^J(c*5tt^ 3 8 4 6-66 4*(DA^7^- 
^$iijJSg^=] > h P-;l/fc JJtf-? □ -> ■?fs-^:&#fe 7 
9*TiSj^*n. a^•?^^^•;/5^(D/J^^•l^T F T LC 

D Z-tr V 'J <!: ^^±©Rgai^.A^S l < fl?>*;rn.5 d <h 
[00 1 1] =r^l\,=J-y\y^7.:f5%am\,z^ 

s ua:;u/\|bi^ic37^ 'J -v? LTiy y It 6 nrc7=^- 

'S'fl^Ai^^F^P^Pi t Ict^— Sfi^,*: tr-?-b;U++/\°-> 
^ U'sc/u/nt^ ^ + -y -r S/clt7<fc t^ J: -5 (c 

^L6-«fflT*-n-r. A:^fI^7^v;Uf^3/'U-j7XffltrtgP 

$T'v' h '>» y^yx^mj^r^cDij^Bmizis:^, 

JOOl 2] L/c*^oT. »J^h^>v>X^i:&<gfflLT 

*5<fcz/":r y 5^ + -y « L c D :&liijt-r 5 3; <t: 

[0 0 13] -bU"? h*tl/cP-p<g(D^7^— SiijgfcJ;tf 
LT7='— $f fl#A:^^P^P^Pi«tilc X - iSgfc J: If -tr 

^rsj: y t>'J^t-^PaT'^t-<taic-rs:rij^-v.-5; h 
^^v'X^^^T^— SilStcJ* LTWrf.SB^*T F T 

WLTlfi^T^^yU^yu-j^;;^ h^>vX^ 1 1 

[0 0 14] 
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'ty^f'yX (off-glass)"=l>hP- 
iSa^BT^'f X:^U-r (AM LCD) iii^mmc2 0 0. 0 

b-ftis 8 4zi^Zxi5d:tf2 4 OP-^#t;z:i:*^T-$ 
•So 9 2, 0 0 oil:&@;^;57^-f-:;^.:?^ 

tlS-Slih^vyX^i (TFT) T^-fXyn- 

tiTt^^o :«'^X<t-rsc:t7b^T#««tgl 4±T\ =1 
=z>U=r-^ K^-f/^lHl^l 6t±t:x^;tx--5ifi^lcJ:y 
3^/*$g2 4^^i(j-r^, P— tU-? h K^-r A'2 5 li 

+ircSp-rta)f^?-t;u««s;^i:jSi4^bT*-nTP- 1 ~2 
4oi)^ig?>:igii!)*ns„ 

10 0 15] T^-rx^^n-i 4<!:^i3^lLL/c^i.gpp>^' 
p-;naK1 2^J:fct^Tv ■9->:/';U4^-^'/\°->^i5 Otti/ 

7 h Uv^7.-$f 4 9^^LTA:^Ih]K6 4*^"57=^-^i:&§ 

^J5J:tf#lfT':tm^*i«[HjiK5 8A^6-y->:/'/U+^/\°-> 
^5 O^S^§!*ti«„ '?P-;''^ffi^fecl:0-*2FSBi5i^ 

<WM^*(«=i>hp-;nis6o*-6«*ST*-n^o wms. 

Tt^So LTct'^-oT. 1 P— a)tf-j7-tr;Hc3 8 40[)xi' 
3t\ —mc 6 4 t: -y hrS-O. Ste 1 4±0D 3 8 4f@05 

6 4<olf7^7^^iJ:^^ijSll 3icd:y 3-51.7=^— k^-c/x' 

1 6:&^>LTP^A»f*2 4tcSlg|ttti:S„ 3jg1 stCj: 
t». □>hP-;HH]8gi 27b^e6jl*(Dtf7='7r-trU'? h« 

6tl6 4tDai^«^*i«7^^;l/^:ru-57Xz*-nT*"^X 1 
A±(DZ (2 4 0) P-04'<D-bU^ h^-n/cP-rtOD 
S^SX (6) p©Y (6 4) a3i*2 4'\S3cS«l;*- 
nSo ^iB-rSctdtCv p— bu^' h K-^-r/x'ffi^. 

P-y-i^fecfcO^/^r?— i!8*^=i> hp— ;Hs]Kl 2 6^6181 
2^^LTP— bU-^ h K^'r/\*lH]K2 5tcs^*n 
So P— trU'J' h K^'ry^|i]S|2 5«iia]<Dffff<DIl]^ 

[0 0 1 6] ^fBr5J:5(i:. ^1 0[)P-2 eft^-feb-j; 



h*n«<k. Ell <7)P-1 ©T^^'i^^^^U'Tm^l 9, 3 

6, 4 2ii«7Sttfk*+iSo M?*:. n^AT^-^ K 
§7— Sf$S^J:t;se^-b/U4^+/\-->^ 2 2^RJrS«|± 

i^y-'Stisms^taxin^t. p5ai^2 4u:»o^3St' 

:^iHiffi«-<ifflLT7=^— ? fitted; 
+y\°->tsi 2 2^tt«T■$5<i:•5^c■r*sa^i04^c,^^■r 
J:5lc. 4^-\'/\°«>^f*i^0 6^^S^2 3T'^-rffiST-5E® 

r^««XJ:t»t,SAS^:/J^^^,^YT■afe«o 

467— 5ifi-^A^^F^P^PittJlC7^— Sili®4i ^ / x'S/^ 

[0 0 17] Ltcis^-DT. &p-*i«s;^e?n5<t. 
■tr U ^ h p -rt (D^8¥o^ t"^' -t ;U+ -\' y \°-> ^ 
I^B$lc^'\^a?tLXgfF«gT-J13)Cfijt«*tl5„ iloDJ: 
^iCLTs ZP-(DXP<DYfi<DX-f -^^^Xf h^>v^ 
7.^fl 9, 36, 4 2 6^«*51 4±tCliffi*tl5o 7=^-C 

x:^b-<#i^j^t#3 8 4x240 t°■^7^r;^7^^•xy^'r 
T-^^if^icti^ 2 4p— £D6 4^@(ox■<•yf■>^^^■?• 
o6PA^«t6±^c^iia^nSo CIODcfcdJ&^JlCOtNTC 

[0 0 18] l|2(iS«1 4<^i¥iSBSigElT-*S„ CCT' 
'fc. St6^^a5<7)=l-7iA=J> hP— vUIhISSI 2lCj:»)iSSl 
3^^LTS«1 4'\t•7=^7^fi^6^^j^.6nS„ */c. 
Ell <DSI2 1 ^^L/c3> hP-vUIU^I 2*^6flD=l> 

h p -vm^tc <fc ti f^-r S T F T K ^ >->'X 1? ^^tr 

iitt(DP- K-5-<AIh1SS2 5 ICcfc yi:^5En(0«fe-5tc^55i!P 
-6''-tU-j7 K^-nS, P-tiEl2lci~ZP-i:LT5^ 

T-*So *rc. 02lCtiXgfODY'f@£DX-f'y?>'if^^ 
S So X < ^ > -J^'m^ti h ^ > ^ *5<fc If gljir 

t"^l gflcfi, F^J*lc-rs/c4{>ti:4f@0DX'r'y5^>;f^ 
?-8 6, 8 8, 9 0. 9 2 L*\T^;?nTt>^t\ HISlC 
l±Xaf*-6gfT'SoT^-rSl]^ASfc««3 8 4 n^z* 

-So :^"^:^S«1 4±l::ita^r;tx^-^|g|.^^-;;;^^^^ 
■rSJIi:6^-p#S h-^Vi/X^f 7 8, 8 0. 8 2, 8 4 
(O^- K«P-^(*1 :&^LTP - K^'ry^IiJSS2 5lc 

K*^9 4, 9 6, 9 8. 1 0 0tth^>vX^7 
8. 8 0, 8 2. 8 4tD§V-XSmjg«!*nSo ^ 
@ 2 8 1± e -t + / ^ 0511 2 y h T'S y X -r 
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[0 0 19] rU^-^-v^lHl^l 1 6tt3 8 4^0^y 
y5^ + -v»>^>v'XiSHcSg|;tnfc$gl 1 S^^LT 

1 4±(D3 8 42|s:(7)S=I^A^SS^^:J^!g!^nTt^So 

-:?^i rtic^r, h5>s>'x-s? 1 2 0£D K 

1I2^^:^5^.^T> h^yv';?.^' i 2 ojjj^if i 2 4(d Kb 
->«^«V+mi®l 2 8^cgigS3■t^Tt^So -(liiifS 
3^Z>.^<D h^>v>'X^f 1 2 2ajJ:i; 1 2 6CD KU-> 

asiiv-sffigi 2 7tcgigg^nTi^So s^i sT- 
A.T't^«o 3-7/*a<)^3 8 4,»:;^n-52|s:<5yT-{i. A:^i^ 
1 3 6^6^«'fbe7=^;?|-A:^«^:&§«-r5 6 4=l5/x 
(Y = 6 4) (X = 6) 

0 2 -y? 1 o[)y;u->^i rto57=^^;Uf^y 

U^X h^Vv'X^' 1 0 8, 110 112, 114 

<^^- hici$i^*n^7x-xi 33*15 :7x-X2/\vu 

X^5l^-r5o 7='7;l/5^ru-^-tl 0 2 6^6<Di^j^1 3 
0 «tl>- 1 3 2 ±©IS)«^«^tc J: y S# 6 8 ctt^ 7 

0f5^-r^'";i/-:/5aj;tJ^6 (x-i^cfcU=x) feNigi!) 
^•nSo ii©<k-5lcLT. 7=^^;U^yu^+Mgi(ii5]Ki 
0 2lCj;yg^7JlC6 4*(Dtix:d-7^-^A^!S8l 3*^X 
<-y5^>-5'"^^8 6. 8 8 9 0, 9 20^18^7 2 

-ZTT^Xay^Ajizm^Xatm^tl^. Ltct-^T. 6 4 
*£D7 — ^Ktjf^T 3ltmni-r^<f)[/-y7 A, 76^ 

p-1 ~zt,s;^-feu^ hxrn. *«ijT'i±z«2 4oa 
[0 0 2 0] Ltct^-oT. mmrtn£. m2imm-^n 

ti, ^^S^JtLT. 3 84 X 2 4 0 t'-J'-byU*^— y\ 
> K'N^b KT V^Sfit-rST^^- Xy U'T^W LTL^S„ 
*¥tr-?-tr7l/Ar>>h»3 8 4TS-5o ?/Uf^rb^+»- 
aj:t/yjf^ + -v''Ii]Sg6 6~1 3 O^ctO^l 3 2, 6 

f^#+lTA:^ISl 3 6^6<>^f-:7x'rx^tl*7='7t-7^- 
^^^Lx-i'X:7^U-f'tt|gl 35^L/i:tf7^?|-S<)^6 

©fc:x:t«^iilS'r>^-:7x-rx*tiSo 02 test 

4"J-K13 (Di-6 4) ^■f>LT-^lZf^7.y[y 
-r 1 4<06 4*(Dx-^iJS'Siij3tE-r*cJ:5lC7rtlTl^ 



S^l 04, 1 0 6±l|<D7=^;U^:/U^+)-Is]gSl 0 

©mi yP-><7(Dx'^;U^>^U-i7X h^>->"X^f 1 0 

8. 1 1 0 1 1 2. 1 1 4*V*-:/;U^tiT7=^-i- 

XrU-rO^l CD6 4*(7)rtgi57=^— SfiSiD l~D6 4lJ: 
ffiS!3-nfcX-r y5^>'5^"m?'\|gl 3:&^Lxe7^;j-fl 
#7b^ej|g7*'tl5o Ml <D6 4fi(7>II^ZxX'f '^/^^^-if* 

;^tD1 /6lBS4'lCF«3g57='— ^li^D 6 5~D i 2 8^^^ 
(06 4(D[ff^m^t'^^tFn^o iI+llim2(DT^^;U 
^yU^XEK (E/T^-ltt") CDm2jl40D=l>KP-/Ht 

#^-<:^-:?V^LT^T*5*^«» '?VU-:/3~6rtoD7='^ 

c:<^)J;-5tcLTx 4 2fiSroSiJ{xttt6n/£:5=-4iA:^^ 
Farticb:'7^'7|-1fffi<0 1 P-!S«^g|5*^F«9g|57^-'?SiS'\^ 
?n«c e'J7-tr;l/5S^<ft;^-tJr;5fc460!)7 luSti^mu^ 
n^o L/i:«5oT. ^7=^— SfA:^^F^«4 9/L/Si:^5: 

So 

[002 1] c<^)WrLi^x^;Uf^:ru-^xigib5^iC0Dfij 

J^.tiii-gBSSlia*'' 3 8 4 7 9 '\^£M73rnP^-'j7 tT 
•y5^CD/JxT*-LNT F T L C DT'-t^:? '; *5cfe0^llilPrgS*^ 

fia5"tlSo 10 8, 110 112, 114l|0Dh 

K-7>$/X^1 2 0. 1 22 1 2 4, 1 2 6^(0:/" 

ti. §7=^— Si$aiC2<l<Dh5>i/X^5'L*^ffiffl-t±-r. ■?■ 
[0 0 2 2] ;^lC03(D^i'r = >-5fE]i:— i^tcg|2^# 

jis-rntf. m3(K> (a) si*>eNTsc tv->x7^a 

•tO^J — ^X'TX-rS 3 8 4X240 ^'^-feyl/x^-f X 

tie il^gpt"7=^;i-S6^e7=^-f x:/u-«DXP<D7=^- 
sy. tr^-i2;i/©s^<bicj*LTi±7/LiST-s;5„ en 

^ (c) ^tcg^fo c:©J:-3tcLTx Ei3<0 (d) 
^nif. g*0<7)8pS<Dx^'-bU-? K^P^ffilC, futc^ 
S*n/i:SSl n- 1 «EI3<7) (e) SSlcS^f J:5lC2 0 

v^(D-bu^ ^^/>^;^3!)^e-5 V(7)5^-ftU'j7 ku'^/u 

'^fflfmI*•^^So 2:ntc<i:y n- ii^f<3<D^e^'-tr;l/4^-\' 
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2 5 \/m(D^mm^^±^T^o h ^ 120, 

1 22 1 2 4, M6i}<^>fiEtL6 tjSf^icmm. 

SrtgP7=^-^SgD 1 , D3 D 3 8 3«*V + U'>?;U'\ 

:/';^i'—>'*nisasrtgB7^— 5^*80 2. 04 d 

U^;l/liiJ ct ^ 5 V T-s *J V -Sff U-\;l/t±ted; 

-f /x'v'^'^tSBtF^tiA V 2=&^i■sa?^^:g■rs^^^a'xs 
ttntf V p/tS L"^:/u^ i:-<owLmmrsi,i. a v 2 <o]»micii 

; i/'N jEwr « St <»: F«9 gp X — «i i IS a r s tf -b ; u 4^ + 

'vStWr 5 ^<DP#F^M6''S/Jx <»: 35: S J: ^ tc f S CI t 

h^^v-X-Sr 1 2 2 1 2 6<7) V -ttEU'^^H 2 7 

lCitjgffl5-tlS„ 9 4, 9 6 9 8, 1 0 0lf©-bU 

y ^ V + 1 L < li V - b'>c;U'\:r 'J ^^-i^i^nrc 

^a)fflffift^««7^-'SiA:^i^D 1 ~D 6 4'\J^etlS„ 
Z(Om-^. Di, D3 D6 3^iiE@ttt^■7=^?^ft^T• 
*yD2. D4 D64 ti^^fflffiStt a^^m^Z' 

iltie<0b:7=^*fi^mff«^E13(D (j) 
(k) miCTjiT. Sil 0 4fcJ:l/1 O e^/VLfcT^'T/b 
f^:^^^*^ K^-ry^lHlKi o 26^6cDa> hP-;Hi^ 
li. @3<D (g) siicu^-r ct^ic. ^n^n7 jiS/£it 

2 5 Vi>J:lf3 0 V'\?|3^±tfetlSo c:<Dii^x = 6 
TS«fte<DXp<^SA:/3l8(ill3<D (g) . (h) . 
( i ) mz7jiT.t: oiC7 tjS fciff^ 1 3 LT kir^t 

T'-'Stt'^mm^ti^o X— S'i^^^<s<D2g¥'N»iijt--5 



[0 0 2 3] t"^ )\^^Zf L^^ X ^ >'JX9 ^ 0 8. 1 
1 0 1 12, 11 4tt*^Jl£:iJl,NT7 ^ST^SiiJ 

*■rsb^x?^7=-^^•5-^l^<D1 smvj-xrticfijtmT' 

*SJ:3^-y--fXtl*-tlSo 6 6~6 8j5j;tf 7 0O§ 

[0 0 2 4] mnP-lSSttWif^r^Jife^lc. p-noe 
■t;bX-i' y ^Vi?" h 5 liflic^^lc ON,!:* 
nTL^So Ltct'^-oT. ^S5-n/cP-n-1 jS^T^-rt 
b-i^ h*tl/c^T\ ;MCP-n£Dtf<7-t;|/ti«:^iJ9i-^- 
v'^nS, ^y©4 9MSx— 5'A:^^B#P^«<§8/J 
SO*H6*)lc|pLl,^^F^lciiKTtJt6n«ig^H:tt. p- 
n<DDi~D6 4=l^^®Sl :?P '>-?CDtf-?-b;U h5 
>i>7.$<)^tl°-J'-b;USfffi^r^a)fc460^4 9 p S^^ 
U D6 5~D 1 2 8=>^AlCgig£;t-tl/i:P-n(Dm2 
:?Pv^^(Dt:°^-tr;Uh^>v''7.^'Ai<*5d;^4 1 /uStDfife 
SBtF^^^LTt^5o ll3:?P-y^{i*5J:^3 3 /L/St 

fiv. iurfm^T-^^o p-n<Da!^:?'py'> tr-j'-fe/u 

h^>v>X^li:t±SIMWlCfi|A^9 /Li S<DI:f-?H2;USJ:^^ 
F^L6^^*nTt^35:t\ 03 (d) lC^rcfcatC6Sf<D 

tf-^-b;!/ h-7>'v'x^r©s>!7'\7 M scD^r^^iuyfvttt 

e^7^^S^l:f'?-t;l/SSfbffii:rst. ^tf-^-b;Uh 
3®L^ i: -b/UtDlg 6 y ICjI^f *X^-«E A V 

^m^r^zitii^Ti^^, Av^fiMLT2 5 e^'H- 

^^fbi^F^iciij#ttSc:i:<)^a*Lt\ c<om-^. me 
mo) tr-j7 -b;U4^ -v / \°-> ^ if'r^m^ U'^/U'viSS 

<b-rSfc4&£Dl 4pS^^JffiT-3-5c (e) JgtC5^-r«fc 
3lCn-l^*^7^^'-tU'^ K*+irt^S<t. ni^/)>-tb 
K?tlTfet)-€-<^>$glcEpJ!)n7*-tl5aff« (e) [cjjkT 
<fe 3 tc 2 0 V CDS:*:fiiT-a&-5„ 
[0 0 2 5] 7^^/U^yu<7 7.Jt«t:'7^;j-';- KSfcJ: 

li:jJ;L:T»ii{btL<ttgtS-rsc:i:6^T'*«o m 

Tti. 'jN*L^7^^;l/f^:ru-?XJt^fiEfflLT6 4T«35: 
< ^')U-zrm tl J: < ^ < (Oi^'r^m^ >J - F^Ste 1 4 

[0 0 2 6] *dlST'ti«^ei3llCN5^ + ;?i;U 

tons fc46<7) tr5=5t-«^© A:tj * ic ^— Sn8l Af> e-? -b y 1/ 
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[0 0 2 7] Oi, e^^UO^, o 0 

>->X4i1 0 8, 1 1 0 1 1 2, 1 1 405^y— h 

I c r S -■ :5 CD a > h p - ; UJgfi-^ t f -5 d i j!)^ T- * 

Softool, et~<feo^<i>i, o^^aii-s^'- haax 

0 8, 11 0 1 12, 11 4<D'rJW7.^iit'^f*3^ 

X- •$» i^*5 J: e-? -tr; 1/4^ / \°-> ■Si ^itl— 

«IIC. 02iD6 8JJ<fct57 0^#&. fftcT) 5 ©f'NOD 1 3 

oa;j:D-'i 3 2ii<D^tea57='^;u^:/"U'>x!iii*t^j^^L 

[0 0 2 8] *3?ggic<fcyR»Tg7=— SiA^'J- KfBfjb^fi 

[0 0 2 9] *0lJ^^:•:^t^T^ 3 8 4 x 2 4 0 e-^-tyU^i 

3 8 4T'»5c 7^^;U^:^U"?-9-j5d;i;:f' J5^-\'-v>-Ih1 
!^«- X -r 7. :^ K Sfls<D±tc:^l8i h ^ > v>'X 1? ic d: ti © 
L T ti 7^:t f^- ^ ^fejJI L 7=^ -1- X :r U ^ AH tr 7=^7|- jgle 

=i>hP-;Ht^lcd:ti. S^seT^'p y-^rtcOT^^yU 

>^U'r<D 6 gf<D 6 4*rtgP7^— Sil^^il?5cSji|-rS JI i: 
6^T'*«o Si ©6 42|s:F«3aJx— Sr«|'\(De7=^:t7^— ? 
eS^T^lC. :^(D6 4f@<Dtf7=^3t-it^A'iF«9gP7=^--SH^ 

D6 5~D 1 2 s'^^^nSo c:ntt7='^;u^:/U'^ 

XIiia(DS2H2<;/ h<D=l> hP-;MI-^^'f'^-— :?";UL 
-f ^^F^P^RKT) 1 / 6 WF^4'(c?Ttotl^c il W^f^tt 6 
So 4 2 p SCDfiMlten/cT^— ^ A:^B$F^|^tC 1 P — 



[0 0 3 0] IISft0IJlCOl>T*^^^lJiR^LT*fct\ 

[01] SB^*TFTLCDt:f':tx-f7.:7'U'rffiOD 
[02] ^ h'J^X7'U-f'33cklf^(D±(D7=^-^^filH] 

[0 3] :^^^^(o'jsm^i:zf'Si-f ^y^^Tji-rmo 
[04] 4^-v/\'v'^*'s?ESJ:>;tffl;iic«cm-r«ii<!::& 

[05] e-^ 4z;U+ -v y x'v'rSf ic^yj 9- -\' — v>mjl v + 
t, L < « V - cfe y tfil^mJE^EPfiP LT^P^^SSMf s 

c:<t^5^-ra6fl50o 

1 0 'r-CT.yiy^-yXT'L, 
1 2 a^^.K^'T/^IilSS 

1 4 « -7X7=-<'x:/U'r 

1 6 U-5^7^-^f K^-r/^" 

2 5 P— tU-? h K^-f/^ 

4 9 ->>' hUv-'X^i 

5 0 ■9->:/;U+i'/\"->^ 
5 2 tiitlT>y 

5 8 t*7^:t 

6 0 3>hP— ;nsa 
6 2 Smff^SS 

6 4 A^CLR 
6 6 I 

6 8 (X-1) 

7 0 <f)l^-yx 

7 2 X^y^y^m^ 
7 4 7.<>^>^^^ 

7 6 x-r.y^v-jfm? 

1 02 7='^/u^:rb-j7+>- K^>rAii]K 
1 1 6 :ru^-\.-s/iH]sg 
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m4] 




H I CHEOT Otf f ^ VOLTAGE LCVCL N CCDCD Wg) 
r 




LOWCOT D A TA VOLTAGE 
LCVCL W CEDEP (V^ ^ 



PR CCl l An GC - I 
Tl M C I 
-r»»-,->- lilS) I 

6^ H 




i^m^iE 1 ] 

Sfe^wr-s y^ x:^u-r tcfeL>T. Sx-rx^^u-r 
^t. ^1 ©s45±tc*iaT*-nxef(DYfioDX'r->5^> 

Y*© A^SgJzO) ? 5 X gfOD Yfi 



S« X SfO Y fBcoSX 'T y 5^ > -^S^rt (3!) Y^iOD h ^ > 
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'J'+fCDS^trlcJ^-rSSl <D=I> hP-;U!Sli:. ^KDS 

>v*";^^i<i:. Xgfrog-X-l'';/5^>-5''a?<^)Y^@<OSX-< 
X = 6gf. Y=64. Z = 2 4 0T-^5x-f';^:7^K„ 

5<jita*ti^>!? *i« e-? -t -\' / \°-> 1? J: tf 7^ -f X u 

©X'T-y^V-^-^^^i:. ll2<OS«±<De'i7-biU4^i'/\° 

<7 hStircSP-5^1 ~Z|^(DX'r-y5^>'i^^^^S14 
fbr^P-K^-f:?-!?]!!.!:. mi©Sffi±lclta*nY 
*<7)ldx*v=^— ^A^i^^SP— 1 ~ZF'9(0-felx^' hi- 

n/c xgf© YfKDx-r v-^B^tcgi^cs^-r 5 xp 

<7)7^^;U^:fU^-»-J?'[5JK<!;. Hi tDfi45±^Ciia7*• 
htcgigis-nT-tu-? htrnfcp-i —zfttDSx—si 
iSiJ <t tf -tr ;U4^ / ^ :& :^ ij 5^ -^^ - p -6^ 
■trb-5' hiti^^tcY*<DA^t*7=^7f-7=^-^i^±(De7^ 

4^ I" / \°-> -Sf A:^ tr 7^:t X - ^ ttE U'^; l/^ 7^ X 5^ -v 



in^Butc^T^— SJiSifecttf-tu-? hz^tifcxpo5x-r 

;U+ ^ / :^ U 5^ -\' - v> L T7=— 51 SSlc <fe 

y s t°-? -t ■\' / -SI ft's^-f X >^ u-f e-j^ 9^ 3. T' 

• D n - 1 iCjg^^t-tl/cy^^^-fr-i/ h-^Vv^X-S^O K 

:^7=-^J$gD2. D4. • Dn^^:SigE^n/^:y'J5^^'- 
m^m 1 0 ] msjt^woMtc j: t» ^^in* n^ '> < 

.ht— :J&*r!«"^XTafeS. mi fccklfH2<^»gtg«i3^(^ 
•r^ 7^-<X7^U-< g)A:^^^<aM-ra->x^/.tr*^i.N 

T. ig->X7^z*i±. Hi ©stgiiczmctta^-nRfT^ 

©mEb'^yU (V + t,L<fiV-) tA^tfT^'Tl- 7=^—51 
g£ U^;U g)r3T-3£Sca^?T-D T 7^-1- X y u< 
fiE-r«Xgf(DY5iJ<DX-r>y^>'ifS?<t. Hl©S«-h 
lz:iia?nfcY^J<De7=^:i-7='— SiA:^i|ili:, H105B« 
±ictta* n Y51J© e7=^:t 5=^- A:^«8* x u<r>^^ ® 

^TXpcDX<->^> ^'m^tcJi;A:®3gST$ * ct 3 tc 
U tf7=^:t7=^— SiilStiHl tD^F^/cHtXg¥©§>t7tciS?5c 

->XxLko 

[ita?^i 1] ti^^l 0|BS£D>'X7'Al::teL>Tx 
xgf(DX'r'y^>'^m?®z?^(c^ig!^tizfT 

^r«p-K^'r:?^#s<k. Y5>J<Dz?Ticgigi3-nxsf 

(DX^y^y Vm^cO t*7=';t 7^- A^Jg^ "r^ll/J-y 
U<7X-rSful::-tU'? h3-tl/i:SP-(7)SX'r y^><f 

«^ «H 3 ©i^F^fcit:r -fr - v^-rs y u 5^ v - v^e 

^at.->X7^Ae 

[ii3<^i 2] is^jsi 1 lBe<D->xx^>^c^Jl^T. 

7*-6tJ:. P— bU^7 K«^:&p^3ILTX'r->^>"ifm? 
lC<fcyp— n- 1 rtCDX-1'->^>-Jf^^:&7=^-f-trU-^ h 
tr. ->X7^A„ 
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[fi^RJii 4] y-< u-f ^g^(D7^-» K^-f:?" 
i^!g^^■nTt^T5^ ■\' - v-'Tt-n-s i tf 5^ ZL T'^S/T^f s 

x7|-7=^— $t A:^ft^Sg^|| 1 (om^^f^ t F«gl::g:^7="^ 
iU^yu-^XU X^Y9'ja)§>«7(::3^LTt±m2©|g^ 
B#P^_t/X/£ttji;A: 5^^/1/5^ LT^rtSB 7=^—? 

rsmi g>iii%T '^oT v ^40)a^^p^t|Jicp-n- 

1 rt©^k'"^-tr;l/+-*'y\'->^iii^*n^^j.<^[2lffi 

tfctf t;^'-t;U++'y\°->5f€^^ 1 (Dffiff U^yU'vyu^-v 
-v*f5^2.(Dls]8ST'fcoT. tf-^-feyl/OJaiSrarSSP 

^ ti'5^7|- X - ^» mff U^yb'v^^ 6 n*^oS^^ P - n 
tf ■J' -b y -V y \°-> ^ ^fi'f k t:*7=?)- 7=^— -Sz 

O^T^-^Siiicfctf tr-?-byU+-\.y\°->^:&|| 1 ODS^Bt 

F^fcttm 1 ©msws u^yu'vyj 5^ — >r-5m 1 <5d 

lHl!S^IS<t. ^a*n/j:P-nF«3©XgfODbf<7-tyU4i^ 
y \°-> -St 'v© t"7^:t 7^- -Ji A:*]«^=&^-r 2 <D@^ 
B#F^F«9 tc y b-? X LT^S;*-tl/c P -rt 05 X S¥ 

<D tf-5' -tryu^t^ A' y \°-> ^ <DM 1 (OWi^ms. 

A^ b* x:t =r—^MS. V'^)\/^^7L StLT Z P — OD^;^? 

la^m i ei 5l^e<7)la^^ctet^T. *e 

ten 3 om^^mmc z p -^g^Jc^a ltp - n - 1 

F^tf p - n e-^ •tryu+ ^ y \°->^ ^ y U 5^ -y 

[^^^1 7] m^m^ eiRmcommc^L^T. mi 

<^)lHlK#IBfim-^p - n rt© X ef© tf -b;i/+ -V' y 
<^^rii:J4-r'5t*7^^A^fI^^S2(3D^F^ t rtlCT^? 



y y U X LT§ tf 1? -tr ; U+ y \°-> ^ (DBE*^ 2 OD 
A^tr7^?^x-^mE^'<;^^c^^, S 1 <DiHjsg#i9:« 

^7=^— S^i^fe J:l>-t h*n/cP-nF«gcD=&tf^-feyU 
+ + y \°->^f 1 ©@^^F^F«gtc 5^ ■\' - >>■ LTS tf 

<7 HryUr^i ^7 y 1 (DmSmm U'^yU'vyj ■\' - 

^3©lH]K#etiP-n- 1 rt(D^e-i7-tryU+-\» 

y \°-> 3 (ommi^rs\*iiz^mt sjiticcfcyp-n 

8] it^^i 7iBK<D[sl«^c^it^T, ^2 
©iHlK^eti X i¥<D§e-^ Hryl/+ -\'y \°->i? 'voD tx:?|-5=^ 
—- A^fi^^ t /X^F^rt{CxTyL'5^yix-^X L-^-OD 
^^fllP^F^^#TP-n*i«P-n- 1 <»: LTT^-f •tU'i^ 
K 3-n«lulc X 8f -tryu* y \°-> ^ jb^-f-ODA:^ 

t^7=^^7^-'S'SS b^yU'^S^^k-rS©lc?E55-:5:^F^ :& 

Lft^o X p - Y n ^ AO X gfom 1 ©»«g±tctt 

a^nr ^ - i-tifc^ic tf 5^ a z ^^^r sissf 

fig)b:'^-fe;l/=^-\'y\°'>^^^f ^ y-<xyu^ (D7^— St 

y. -rJ&ta-e. (a) XPYzi-5A©^tf-5'-tyU=t^i'yN° 
-> icjxt f S Y *© ti;-5=^7^ 7^- ^ A:^i^^ll^^F^ t 
lcJi;^^yU9^yb'?7.U xefY=i^A©#>!7tcJvfLT 
tin 1 ©SSB^F^/cltSi^c^yL/^yb-^x LTSx— Si 

tircmEU'^yi/«^§ftLTxgf©«^©-t?u^ hs-nfc 

-byl/+ -\' y iSi A^mSSEE b^y ncss-fbt- S/c46 
<D^5J^^F^^Jto C <k <)^T'* ^ J; 3 ic-r S e tern 2 

(om^mmam^n^.k'bicu (b) ^kds^^p^ 

J:t>^:*:*L>S3©@^^Faif{cp-n- 1 rto^t"-^ 
■b/U*-\'y\°->^^$JgiU (c) ^1 ©S^f^ScfcUt 
'h*t^m40H^^F^(fJlCP- n rt<D^tf-j7-t;U4^-\»y\° 
->^^R^^<DS1 SEU'^yWcyg^-v-v^X. (d) 
ZP-©S>t?tc-pi,^TX7^«;/y (a) ~ (c) 

[fi^S 2 0 ] BSTt^Wlc .i: y tL'> < i 
-•^A^iSg^ltaU ^1 <DSffi±lCZP-ODYf@<DX 

-r -y 5^ > -^-x u p« > KD xp:&tta -r y -j- 

P— K^^y^ ^^3gZP— (PX^'V^^v^x i^y V K 

©^b-? h3-nrcxu;><> hicgg!LTSp-oD:;^'r y 

^>-5rxU;>«>h:&S14fb*-y:, ^ 1 ©SfeJzlCXgf Y 
f@<D5^^yU^yU'^>'>^"xb^>h:&JtaL. XPY 
{i<DT^v;U^ y u ^ -> > ^'^^ ^ X P YiiOX-r y ^ > 
-^-^^^ctlf Y*<D tWT^-^f A:^SItCgg| LT Y* 



^ 
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> ^> ^ > v^'X J5 J: Hiy v / \°-> ^ tr^lK 

f@® X-r ^ V •J^'^^^M 1 CDSte±lC Z P - Y =] ^ 

Is]SS^II1(DSt5±li:JttaU Y*Ot;"7^:?t-7=^— S^A^ 
i^^SP- 1 ~Zrt©XSfY=l^A<7>X<-y5^>^S?^ 

©s*6±tcitau -bu^ h;^tl/cxefF«go!)Y^l<DX'r 
fcp-i ~zF«g<DSt:^^-b/u++/\°->^^mi com^s 

E'N + - LT Y*© tfx 7|- 7^— ? SI±«D e 

[§i^« 2 2 ] m%%^¥im\z J; y ijn* n'> < 1 
— :^*i''«'^;^Tfe«34iPif 1 J:ifm2 o)S«<)^e 

*5£iX2lM:'\roA:^iSSf£M:&;il::fc^tNT. S^aj 
tt;^!<7>X7^>rs r^*5-6v XPYZl^AtOX-f-y^V 
'^■S^^^m 1 ©S|g±tc Z P-tcitt« LTmS<omff U 
^/U (V+) *Jcfci;A^f7^7|-5^— SimSU^yUP^TJE 

x^yu^:/U'^-»-jf[HiK^m 1 £Da«±icJtaLT Y 
=1 ^ A© t'7=^;l- 7^- A^8I^ X P(7)#47 0) Y =J -5 ZxX 

h P 7=^^;u^ y -> > -if iHlKtcjgiS^ LT Y 
=]^A(Dt:7='^7^— S'A:t)SS^@S«^F^ t tct>/i:oTX 

mcox^-y^y <fm^\cmmmT^i^ § ct -5 tc bf 

:i-7^— SH^fi^ 1 ©^P^ t / X felt XSf©S>!7 iCil^JcS 

;u (v+) ft^6A:^tf7^;t7^— Sf^ff u^yu^N^S^bf 

2 3] 'X i: 1 <r>W&.1i^i5^ 7.T'tb t» « 
^Tt^WT-^^JSTrtx/cm 1 *i 2 OJ^fRlSte^W 

X P<7) Y =1 ^ A Z P - 1 L rtiftTrtlT t^T Y 7=^-- Sr A 



•y:^. ^lOl^F^^'miOlHlKlc.fcyp-n 

E^lc J: U P - nrt<D^t:°-^-tr;U^^i'/\°->^:&F^^SE 
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